In the present paper we propose a stellar model under the f (T) gravity following the conjecture of Mazur-Mottola [Report number: LA-UR-01-5067 (2001); Proc. Natl. Acad. Sci. USA 101 (2004) 9545] known in literature as gravastar, a viable alternative to the black hole. This gravastar has three different regions, viz., (A) Interior core region, (B) Intermediate thin shell, and (C) Exterior spherical region. It is assumed that in the interior region the fluid pressure is equal to a negative matter-energy density providing a constant repulsive force over the spherical thin shell. This shell at the intermediate region is assumed to be formed by a fluid of ultrarelativistic plasma and the pressure, which is directly proportional to the matter-energy density according to Zel'dovich's conjecture of stiff fluid [Zeldovich, Mon. Not. R. Astron. Soc. 160 (1972) 1], does nullify the repulsive force exerted by the interior core region for a stable configuration. On the other hand, the exterior spherical region can be described by the exterior Schwarzschild-de Sitter solution. With all these specifications we have found out a set of exact and singularity-free solutions of the gravastar which presents several physically interesting as well as valid features within the framework of alternative gravity.
Introduction
Mazur and Mottola [1, 2] proposed an interesting stellar model which they termed as gravitationally vacuum star (gravastar) as an alternative to end point of a star due to gravitational collapse, i.e., the black hole. They constructed the model of the gavastar as a cold, dark and compact object of the interior de Sitter condensate phase by extending the idea of Bose-Einstein condensation.
According to Mazur and Mottola, the gravastar has specifically three different regions. The interior of the gravastar is surrounded by a thin shell of ultrarelativistic matter whereas the exterior is completely vacuum which can be described by Schwarzschild geometry perfectly. So, the entire system of gravastar can be defined by different equation of state (EOS) as follows:
(A) Interior (0 ≤ r < r 1 ): p = −ρ, (B) Shell (r 1 ≤ r ≤ r 2 ): p = +ρ, (C) Exterior (r 2 < r ): p = ρ = 0.
Here, the shell is assumed to be very thin lying within the range r 1 ≤ r ≤ r 2 where r 1 ≡ D and r 2 ≡ D + ǫ are the interior and exterior radii of the gravastar respectively, ǫ (≪ 1) being the thickness of the shell.
There are lots of works related to the gravastar available in literature based on several mathematical as well as physical issues. But most of these works are done in the framework of Einstein's general relativity [1, 2, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20] . Though Einstein's general relativity is one of the cornerstones of modern theoretical physics and has always proved to be fruitful for uncovering so many hidden mysteries of the Nature, yet it presents some shortcomings in theoretical as well as observational and experimental viewpoints. Observational evidences of the expanding universe with acceleration as well as the existence of dark matter has posed a theoretical challenge to this theory [21, 22, 23, 24, 25, 26, 27] . Hence, several alternative gravity theories such as f (R) gravity, f (T) gravity, f (R, T ) gravity etc. have been proposed time to time. All these theories can be considered necessary to describe the structure formation as well as evolution of the stellar systems of the Universe. As interesting applications of these theories one may look into the works [28, 29, 30] for the study of gravitational collapse of the gravitating system as well as the works [31, 32] for possible evolution of the stellar system. In the present work our plan is to study the entire system of gravastar in the background of modified teleparallel equivalent of general relativity (TEGR) which is well-known as f (T) gravity and to observe different physical features of the gravitating system. Our previous successful projects on the study of compact stars [33, 34] as well as gravastar [35] and the work of Yousaf et al. [36] motivate us to exploit the alternative formalism, i.e., the f (T) gravity [37, 38, 39, 40, 41] to the case of the gravastar, a viable alternative to the ultimate stellar phase of a collapsing star, i.e., the black hole. Interestingly, in Ref. [36] the authors have investigated the effects of electromagnetic field on the isotropic spherical gravastar model in f (R, T ) gravity. They found out singularity-free exact solutions for different regions of the gravastar. Several realistic characteristics of the model have been studied in the presence of the electromagnetic field through graphical representations and thus have arrived at the conclusion that the electric charge has a definite role in describing some features, viz., the proper length, energy contents, entropy and equation of state parameter of the stellar system. The authors have also explored the stable region of the charged gravastars.
Like all the other modified theories of gravity, instead of changing the source side of the Einstein field equations the geometrical part has been changed by taking generalized functional form of the argument as the gravitational Lagrangian in the corresponding Einstein-Hilbert action. In the present case, it is taken as a function of torsion T. Generally, the spin is held responsible to be the source of torsion, but there are other possibilities in which torsion emerges in different context. Most of the works under the background of f (T) gravity have been done in cosmology as available in literature [42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52] .
However, some astrophysical applications of f (T) gravity can be observed in the following works [53, 54, 55, 56, 57, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74] . Böhmer et al. [53] examined the existence of relativistic stars in f (T) gravity and explicitly constructed several classes of static perfect fluid solutions as well as the conservation equation for two different choices of tetrad. In the work [54] the author discussed spherically symmetric static solutions in f (T) gravity theory including Maxwell term and found out explicitly the Reissner-Nordström-(anti-)de Sitter solution as well as the Schwarzschild-(anti-)de Sitter solution. Also, new spherically symmetric solutions of black holes and wormholes were obtained with a constant torsion along with different forms of radial pressure by Daouda et al. [55] . The author obtained a special spherically symmetric solution in f (T) gravity theory by applying a non-diagonal spherically symmetric tetrad field in the work [56] . Abbas et al. [57] investigated anisotropic compact stars specifically strange stars in f (T) gravity under the Krori-Barua [58] metric to a static spherically symmetric metric and found out that their strange star model is unstable whereas in another work [59] they studied the existence of charged strange stars in f (T) gravity with MIT bag model. It is interesting to note that Batti et al. [60] have studied the dynamical instability of cylindrical compact objects in the framework of f (T) gravity. A new class of the spherically-symmetric solutions have been obtained for the case of black holes and dark wormholes in f (T) gravity by Mai et al. [61] . In work [62] authors provided the higher dimensional charged Anti-de-Sitter black hole solution considering a quadratic term in the functional form of f (T). Ganiou et al. [63] studied the influence of a static very strong magnetic field on the neutron stars in f (T) gravity and found out that the hadronic stars with very small hyperon contributions were compatible with the obtained results. Exact solutions for the charged anti-de Sitter BTZ black holes in Maxwell-f (T) gravity were derived by Nashed and Capozziello [64] .
In their work [65, 66] the authors studied anisotropic quintessence strange stars and general compact stars in f (T) gravity with modified Chaplygin gas respectively. In an interesting work [67] the authors investigated selfgravitating configurations of the polytropic fluid considering quadratic term in f (T) gravity. On the other hand, several authors [68, 69, 70, 71] have studied rotating AdS black holes in f (T) gravity considering different physical situations. Singh et al. [72] examined a model of Einstein's cluster mimicking compact star under the background of f (T) gravity whereas Chanda et al. [73] have studied anisotropic compact objects in f (T) gravity in Finch-Skea geometry. In all these works available in literature one can notice that the works have been done in f (T) gravity either considering a model of compact stars or black holes or wormholes in different possible physical situations but not considering the model of gravastar except the work [74] where unlike our case the author have studied the charged gravastar in f (T) gravity.
Our work can be considered as a unique study where we have considered an isotropic model of uncharged gravastars which is more general and we have studied the effect of torsion in the interior as well as the exterior solution of the gravitating system. Gravastar can be thought of as an alternative to the mysterious end state of gravitationally collapsing star, i.e., black hole which is believed to overcome any kind of repulsive nonthermal pressure of degenerate elementary particles. In our study we have obtained the interior solutions which are free from any central singularity unlike many of the other works in this field which consider a conformal symmetry in the geometry of the space-time. We have extensively studied the shell region which contains the stiff fluid and the total mass of the gravastar. We have explored different physical features, viz., the pressure-density, energy, entropy, proper length of the shell region analytically along with graphical representation unlike any other previous work in this field. From the graphical analysis it is clear that the pressure or density of the shell increases gradually with the thickness of the shell. This eventually suggests that the shell becomes more denser at the exterior than the interior boundary. We have found out the surface energy density and surface pressure at the boundary of the gravastar and arrived at the equation of state for boundary region. Interestingly, unlike the previous work in gravastar we have found out the exterior solution in f (T) gravity which is turned out to be well-known Schwarzchild-de Sitter solution.
The outline of the present investigation is as follows : In Section 2 we provide the basic mathematical formalism of the f (T) theory of gravity. Thereafter the field equations in f (T) gravity have been written assuming a specific form of gravitational Lagrangian, i.e., f (T) in Section 3 whereas in Section 4, the solutions of the field equations have been provided for different regions, i.e., interior, exterior and the shell of the gravastar. In Section 5 we discuss the junction conditions which are very important in connection to the three regions of the gravastar. Several physical features of the model, viz., the energy, entropy, proper length and equation of state have been discussed in Section 6. Finally, in Sections 7 and 8 we respectively discuss on the status of gravastar and pass some concluding remarks.
Basic mathematical formalism of the f (T) theory
The action of f (T) theory [40, 50, 53, 55] is taken as (with geometrized units G = c = 1)
where φ A represents the matter fields and f (T) is an arbitrary analytic function of the torsion scalar T. The torsion scalar is usually constructed from the torsion and contorsion tensor as follows:
where
are torsion and contorsion tensor respectively and new components of tensor S µν σ can be written as
Here e i µ are the tetrad fields by which we can define any metric as
. Variation of the action (1) with respect to the tetrad, yield the field equations of f (T) gravity [40, 50, 53, 55] as
In the above Eq. (6) the symbol T ν i denotes the energy stress tensor of the perfect fluid which is given as
with u µ u µ = 1, where u µ , ρ and p are respectively the four-velocity vectors, matter-energy density and fluid pressure of the system.
The field equations in f (T) gravity
Let us assume that the space-time is spherically symmetric and static. This actually ensure that there is no translational or rotational movement taking place in the system under consideration. Hence, the line element can be taken as
where the metric potentials ν and λ are functions of radial coordinate r only. For the invariance of the line element under the Lorentz transformation the tetrad matrix [e i µ ] can be defined as
Hence, one can obtain e = det[e i µ ] = e ν+λ 2 r 2 sin θ.
Now, we can write the torsion scalar (2) as
In the above mathematical expression the prime ( ′ ) denotes derivative with respect to the radial coordinate r and this notation will be followed afterwards also.
Inserting the components of S µν i and T i µν in Eq. (6) one can obtain the field equations as
Also, the conservation equation in f (T) theory [53] for spherically symmetric static spacetime reads as
Let us now consider the functional form of f (T) as
which is consistent with Eq. (14) . Here a and b are constants which consequently implies that f T = a and f TT = 0. For the above mentioned form of f (T) along with Eq. (10) the Eqs. (11)-(13) can be rewritten as
Also, the conservation equation (15) in f (T) gravity takes the form as dp dr
From the above equation it is evident that for the equilibrium condition of a gravitating system the pressure gradient which can be termed as the hydrostatic force must be counterbalanced by the gravitational force.
The solutions of the field equations for different regions of gravastar

Interior space-time
As per the proposition of Mazur-Mottola [1, 2] , we have assumed the equation of state (EOS) for the interior region as p = −ρ.
The above EOS is well-known as the dark energy EOS with the parametric value −1.
Again from the above EOS as well as Eq. (20) one can obtain
and the pressure can be found out to be p = −ρ 0 .
Now, from Eqs. (17) and (22) one can find the metric potential λ as
where k 1 is an integration constant which is set to zero due to regularity of the solution at the center (r = 0). Hence one can write
Again from Eqs. (17) , (18) , (22) and (23) we get the following relation between the metric potentials ν and λ as
where k 2 is an integration constant. Here, the space-time is found to be centrally non-singular. Also the gravitational mass M(D) can be written as
Shell
The shell consists of ultrarelativistic fluid and it obeys the EOS p = ρ. In connection to cold baryonic universe Zel'dovich [3] first conceived the idea of this kind of fluid and it is also known as the stiff fluid. In the present case we can argue that this may arise from the thermal excitations with negligible chemical potential or from conserved number density of the gravitational quanta at the zero temperature [1, 2] . Several authors have extensively exploited this type of fluid to explore various cosmological [75] as well as astrophysical [76, 77, 78, 79] phenomena.
Within the non-vacuum region, i.e., the shell one can observe that it is very difficult to find solution of the field equations. However, within the framework of the thin shell limit, i.e., 0 < e −λ ≪ 1 it is possible to find an analytical solution. As prescribed by Israel [80] we can possibly argue that the intermediate region between the two space-times (in this case the vacuum interior and the Schwarzschild exterior) must be a thin shell. Also within the thin shell region any parameter which is a function of r is, in general, ≪ 1 as r → 0. Due to this kind of approximation along with the above EOS as well as Eqs. (17), (18) and (19), one can obtain the following equations
Integrating Eq. (28) we get
where k 3 is an integration constant and r lies within the range D ≤ r ≤ D + ǫ. Also we get k 3 ≪ 1 under the condition ǫ ≪ 1 as well as e −λ ≪ 1. Again from Eqs. (28) and (29) one can obtain
where k 4 is an integration constant. Also from Eqs. (20) and (31) along with the EOS p = ρ, one gets
where k 5 is a constant. 
Exterior space-time
The exterior region obeys the EOS p = ρ = 0. Therefore, for the above EOS from Eq. (17) we can find
where c ′ is an integration constant. Again, using Eqs. (17) and (18) we get,
By taking a suitable transformation in the time co-ordinate we can set the above equation as ν ′ + λ ′ = 0 (35) and we get
Comparing the solution as given by Eq. (36) with the well-known Schwarzschildde Sitter metric, we can set c ′ = −2M and b 6a = − Λ 3 so that the line element for the exterior region can be written as
where M is the total mass and Λ is the cosmological constant.
Junction condition
We have already mentioned that the gravastar has three regions, i.e., the interior region (A), shell (B), and exterior region (C). The interior region (A) is connected with the exterior region (C) through the shell. There should be a smooth matching at the junction interface between the regions (A) and (C) of the gravastar if one consider the Darmois-Israel formalism [80, 81] . Hence, the metric coefficients are continuous at the junction surface (Σ), i.e. at r = D, though their derivatives may be discontinuous. However, exploiting the above mentioned formalism one can easily determine the surface stressenergy S ij .
The intrinsic surface stress-energy tensor S ij is written by the Lanczos equation [82, 83, 81, 80, 84, 85] as
where κ ij = K + ij − K − ij present the discontinuity in the second fundamental forms or extrinsic curvatures. Here the signs "+" and "−" correspond to the interior and the exterior regions respectively. Moreover, the second fundamental forms [86, 87, 88, 89, 90, 91] associated with the two sides of the shell can be written as
where ζ i denote the intrinsic coordinates on the shell, n ± ν being the unit normals to the surface Σ and for the spherically symmetric static metric
one can write n ± ν as
with n µ n µ = 1. The surface stress-energy tensor can be defined as S ij = diag[σ, −υ, −υ, −υ] using the Lanczos equation, where σ is the surface energy density and υ is the surface pressure. The surface energy density (σ) and the surface pressure (υ) can be respectively given by
Using the above two equations and putting Λ = − b 2a we therefore obtain
Moreover, one can write the mass of the thin shell as
where M is the total mass of the gravastar and is given by
6. Physical features of gravastar model
Energy content
In the interior region as we consider the EOS, p = −ρ, one can argue that this indicates the negative energy region confirming the repulsive nature of the core. However, the energy within the shell can be found out to be 
Entropy
Following the prescription of Mazur and Mottola [1, 2] one can argue that in the interior region (A) the entropy density is zero which is consistent with a single condensate state. Though the entropy within the shell can be written as
where s(r) is the entropy density for local temperature T (r) and can be written as [1, 2] 
where α is a dimensionless constant. Here we have assumed the Planckian units, i.e., k B = = 1 along with the geometrized units, i.e., G = c = 1 as mentioned earlier. So, the entropy density within the shell is given by
Therefore, Eq. (45) can be written as
Integrating the above equation one can obtain S = 2α r 5 √ 
Proper length of the shell
As per the conjecture of Mazur and Mottola [1, 2] the stiff fluid shell which is situated at the surface r = D defines the phase boundary of region (A) and the proper thickness of the shell can be assumed to be very small, i.e., ǫ ≪ 1. Hence, the lower bound of region (C) is r = D + ǫ. Therefore, one can write the proper thickness between two interfaces, i.e., of the shell as
Integrating the above equation one can obtain 
Equation of state
We can express the EOS at r = D as
Hence, from Eqs. (44) and (45) one can explicitly write the equation of state parameter as
Discussion on the status of the gravastar model
For finding out some possibility to verify our results of the model regarding status as well as detection of the gravastar under f (T) gravity one may either consider the gravitational wave signatures [93, 94, 95, 96, 97, 98, 99] of gravastars or study their lensing effects as suggested by many authors, solely for gravastars [101] and for f (T) gravity [102] . Pani et al. [93, 94, 95] illustrated how the presence or absence of an event horizon could produce qualitative differences in the gravitational waves emitted by ultracompact objects under different physical aspects and for ultracompact object with no event horizon, they considered a non-rotating thin shell gravastar.
Recently Cardoso et al. [97] have raised a possibility that the measured ringdown signal of GW 150914 [96] which has been recently detected by the interferometric LIGO detectors may be due to horizonless objects such as gravastars etc. among many others. In another work Chirenti and Rezzolla [98] have concluded that it is not possible to model the measured ringdown signal of GW 150914 as due to gravastar in spite of having very limited knowledge of the perturbative response of rotating gravastar.
Furthermore, in a work Bamba et al. [99] explored the possibility of further gravitational wave modes in f (T) gravity and explicitly demonstrated that gravitational wave modes are equivalent to those in general relativity, though they achieved their result calculating the Minkowskian limit for a specific class of analytic function of f (T). Interestingly, "Was gravitational wave signal from a gravastar, not black holes?" is now a valid question in the arena of scientific community [100] .
However, for the possible detection of gravastar due to their lensing effect one may adopt the methodology suggested by Kubo and Sakai [101] based on the gravastar model developed by Visser and Wiltshire [4] . Now, assuming its surface to be optically transparent they have calculated the image of a companion which has been supposed to rotate around the gravastar and have found that some characteristic images have appeared, depending on whether the gravastar possess unstable circular orbits of photons (Model 1) or not (Model 2). For Model 2, Kubo and Sakai have calculated the total luminosity change, which has been called microlensing effects. Here the maximal luminosity could have been considerably larger than the black hole with the same mass. One can study the similar effects under f (T) gravity to compare the effects of modified gravity on the above mentioned tests with that of the results based on general theory of relativity.
Conclusion
In this paper we have presented a unique stellar model of gravastar under the f (T) gravity following the model proposed by Mazur-Mottola [1, 2] in the framework of general relativity. Mazur-Mottola [1, 2] described the spherically symmetric stellar structure of gravastar by the three different regions: interior core region, intermediate thin shell region, and exterior spherical region with specific EOS for each of the region. With this type of specifications for the stellar system we have found out a set of exact and singularity-free solutions of gravastar which represents several properties which are interesting as well as physically viable within the f (T) theory of alternative gravity.
We have examined and explained several salient aspects of the solution set based upon the above mentioned structural form of a gravastar and those can be summarized below:
(1) Pressure-density profile: (i) In the core region, the density turns out to be constant and hence the pressure is eventually negative in nature maintaining a constant value.
(ii) The variation of pressure or density (as p = ρ) of the ultrarelativistic fluid in the shell with respect to the radial coordinate r is shown in Fig.  1 which reveals that it increases gradually with the thickness of the shell. This eventually suggests that the shell becomes more denser at the exterior boundary than the interior boundary.
(2) Energy content: (i) The interior region is governed by the EOS, p = −ρ, which indicates the negative energy region confirming the repulsive nature of the core.
(ii) The energy within the shell when plotted with respect to the thickness of the shell ǫ (in Fig. 2) shows an increasing profile.
(3) Entropy: (i) In the interior region (A) the entropy density is zero which is consistent with a single condensate state of the core.
(ii) Within the shell the entropy S has been plotted with respect to the thickness of the shell ǫ (in Fig. 3 ). From the plot it has been revealed that the entropy is gradually increasing with respect to the thickness of the shell ǫ which is a physically valid feature as well as suggesting a maximum value on the surface of the gravastar.
(4) Proper length: The proper length ℓ of the shell also shows a gradual increasing profile (in Fig. 4 ) which is plotted with respect to the thickness of the shell ǫ.
(5) Equation of state: We find out the equation of state parameter ω(D) at the junction interface of the shell and the vacuum exterior and this parameter has an important physical significance.
Unlike Einstein's general relativity there are different terms involving the constant a and b in the expressions of different physical parameters of the model due to the inclusion of function of torsion scalar T which is assumed to have the form f (T) = aT + b as gravitational Lagrangian in the corresponding action. This modification has a definite role and makes the differences between the expressions in both the theories and can be tested by executing a comparative study between the present work and that of Rahaman et al. [20] and Ghosh et al. [92] under 4-dimensional background.
In one of our earlier works [33] we made a comment on an interesting work on the f (T) gravity in connection to Krori and Barua metric [58] as done by Abbas et al. [57] . As a forthcoming work, we can therefore find out the possibility to study gravastar within the present formalism using Krori and Barua metric.
